ABSTRACT
Introduction
Biodiesel refers to a vegetable oil or animal fat based diesel fuel consisting of a long chain alkyl esters. The major components of vegetable oils and animal fats are tri-acyl-glycerols (TAG). Chemically, TAG's are esters of fatty acids (FA) with glycerol. Biodiesel can be produced from a great variety of feedstocks. These feedstocks include most common vegetable oils (e.g., soybean, cottonseed, palm, peanut, rapeseed/canola, sunflower, safflower, coconut) and animal fats (usually tallow) as well as waste oils (e.g., used frying oils). The choice of feedstock depends largely on geography.
Biodiesel has several distinct advantages compared with petro-diesel in addition to being fully competitive with petro-diesel in most technical aspects:
 Derivation from a renewable domestic resource, thus reducing dependence on and preserving petroleum  Biodegradability  Reduction of exhaust emissions (with the exception of nitrogen oxides, NO X ).  Higher flash point, leading to safer handling and storage.  Excellent lubrication of the engine, a fact that is steadily gaining importance with the advent of low-sulfur petro diesel fuels, which have greatly reduced lubricity. Adding biodiesel at low levels (1-2%) restores the lubricity. Biofuel development in India centers mainly around the cultivation and processing of Jatropha plant seeds which are very rich in oil (40%). Jatropha oil has been used in India for several decades as biodiesel to cater to the diesel fuel requirements of remote rural and forest communities; Jatropha oil can be used directly after extraction (i.e. without refining) in diesel generators and engines. Jatropha provides immediate economic benefits at the local level since it grows well in dry marginal non-agricultural lands, thereby allowing villagers and farmers to leverage non-farm land for income generation. As well, increased Jatropha oil production delivers economic benefits to India on the macroeconomic or national level as it reduces the nation's fossil fuel import bill for diesel production (the main transportation fuel used in the country); minimizing the expenditure of India's foreign-currency reserves for fuel allowing India to increase its growing foreign currency reserves (which can be better spent on capital expenditures for industrial inputs and production). And since Jatropha oil is carbon-neutral, large-scale production will improve the country's carbon emissions profile. Finally, since no food producing farmland is required for producing this biofuel (unlike corn or sugar cane ethanol, or palm oil diesel), it is considered the most politically and morally acceptable choice among India's current biofuel options; it has no known negative impact on the production of the massive amounts grains and other vital agriculture goods India produces to meet the food requirements of its massive population. Other biofuels which displace food crops from viable agricultural land such as corn ethanol or palm biodiesel have caused serious price increases for basic food grains and edible oils in other countries. Jatropha plant cultivation and subsequent production of bio-fuel is a crucial part of India's plan to attain energy sustainability.
The paper on 'Jatropha biodiesel production and use' by Achten [1] discusses the best available methods, their shortcomings and the potential risks and remedies for each production step. Work done by Mr. Mukherjee, Department of Horticulture, Agricultural Research Center, Jaipur provides insights into cultivation practices and economic feasibility of Jatropha plantation, its use as an alternative fuel and as a tool for protection of environment. The information regarding pump energy and related data was obtained from 'Pump Life Cycle Costs: A Guide to LCC Analysis for Pumping Systems', an executive summary developed in collaboration between Hydraulic Institute, Europump and the US Department of Energy's Office of Industrial Technologies. Data generated in these and various other research papers was applied in our research work in estimation of the feasibility of Jatropha plantation with regard to the amount of rainfall and the depth of the water table of a particular area. Scope of this work covered finding the energy balance of irrigated Jetropha cultivation of obtaining biodiesel by calculating the primary energy consumption for water pumping from underground water sources and comparing the same with the calorific value of the bio-diesel.
Primary Energy Requirement for Irrigation
In many parts of rural India, the major source of irrigation is wells. So we used the energy required for the pumps to pull water from the wells as our input energy. The water table depth is very low in few states, such as Rajasthan. The depth of the ground water table varies from few meters to almost 100 m in some areas, meaning we need to dig almost 300 ft to reach the water table. In some parts, the depth of the water table is decreasing rapidly at approximately 2-3 m each year [2] . The first step in calculating the energy required for water pump, the following correlation for pump power was used [3]    
where, Q -Volumetric flow rate, H -Depth of the water, η p η mEfficiencies of pump and motor respectively The required water quantity 'Q' was calculated using the fact that the irrigational requirement of Jetropha Karkus plant species is 1500 mm water per hectare per year [4] . Assuming one hectare of plantation, the irrigational requirement was converted as:
10 hrs per day is considered as the duration of watering of the plant [4] . Hence the volumetric flow rate is:
The average efficiency of the pump and motor combined (η p * η m ) is considered to be approx. 63.5% [5] 0.635
After substitution of these values, the only remaining variable in (1) 
Considering the primary energy to electrical energy average conversion factor to be 30% [6] 
Calculation of Energy Output as Biodiesel
Information about increase in yield of Jetropha kurkas with irrigation was collected from the Agricultural Research Institute of India (ARII), Jaipur [7] . There is a marked difference between the net yield from a rain fed plants and irrigated plants as shown in Tables 1, 2 and 3 . This difference increased considerably with increase in number of years, varying from 250 kg seeds/hectare of yield in the first year to almost 8000 kg seeds/hectare of yield by the 6 th year onwards. This data was concentrated to the arid regions of Rajasthan and taking the average rainfall of about 600 mm per year into consideration [2] .
Since after the end of fifth year, the yield in both the categories does not change, the energy balance calculations have been carried out only for first five years. If the energy balance is negative at the end of fifth year, the deficit of energy would never reduce thereafter.
Let us assume that increase in yield is X kg seeds/ hectare of plantation. Considering 38% oil in the seed cake, 90% efficiency of mechanical extraction, Calorific value of the oil obtained as 40 MJ/litre and specific gravity of the oil as 0.913 g/cm 3 [5] , the total energy obtained from the plant is calculated as: 
Energy Balance of Irrigated Jetropha Cultivation
Due to variation of depth of water 
Energy Matrix
When we correlate the data obtained from the 3 tables above, an "Energy Yield Stabilization" matrix can be created with Depth of the water table on the vertical axis and the Degree of rainfall on the horizontal axis. The number of years it takes to pay back the primary energy used for irrigation (termed as year of stabilization in this paper) can be indicated as shown in Table 7 below. The graphical representation of the matrix is provided in Figure 4 .
If we consider the case of Jaipur, the average amount of rainfall is 500 mm per annum with the average depth of water table being 40 m [2] . From the above data, if anyone plans to invest in Jatropha plantation, he/she would start obtaining profits from the 4 th year onwards.
Conclusions
From the results shown in Tables 4-6 , it can be concluded that areas having low rainfall and water table be 
